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Abstract

To address the core challenges of difficult fault tracing and imprecise self-healing in intelligent control systems, this paper proposes
an integrated autonomous health management framework that combines causal inference with bio-immune inspiration. At the
tracing level, an interpretable model based on temporal causal discovery (ExCTM) is constructed to achieve precise localization of
root causes. At the self-healing level, a causal-knowledge-guided, bio-immune-inspired reinforcement learning method (BIH-RL)
is designed to generate efficient and specific recovery strategies. Experiments on the Tennessee-Eastman process and a robotic arm
system demonstrate that this framework significantly improves root cause localization accuracy and self-healing efficiency, providing
a new pathway for building next-generation intelligent systems with “cognitive self-healing” capabilities.
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